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DQG IRXQG LURQ VXOILGH 7KLV PHDQV WKDW FRUURVLYH VXEVWDQFHV VXFK DV +6 DUH UHODWHG WR WKH WKLQQLQJ DQG WHDU
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VFUXEEHU$QGFRUURVLYHVXEVWDQFHVVXFKDV+6DQG&2ZRXOGEHGLVVROYHGLQWKHHQWUDLQPHQWZKLFKZRXOGIORZ
LQWR WKH PDLQ SLSH RI PL[LQJ WHH >@ 7KHQ WKH FRUURVLYH GURSOHWV LQ WKH FROG V\QJDVHV ZRXOG EH KHDWHG DQG
HYDSRUDWH ZKHQPL[HG ZLWK KRW V\QJDVHV 7KH DXWKRUV ZLOO GR QXPHULFDO DQDO\VLV RQ WKH IORZ DJJUHJDWLRQ DQG
HYDSRUDWLRQ RI WKH FRUURVLYH GURSOHWV FRQWDLQHG LQ WKH FROG DQG KRW V\QJDVHV IORZLQJ LQ WKH PL[LQJ WHH DQG LWV
GRZQVWUHDPVWUDLJKWSLSHE\)/8(17ZKLFKDLPVWRLQYHVWLJDWHWKHEHKDYLRURIWKHFRUURVLYHGURSOHWVDQGILQGRXW
WKHUHDVRQRIFRUURVLYHFUDFNLQJRIWKHVWUXFWXUHIRUVWUXFWXUHLPSURYHPHQW
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%\VLPXODWLQJ WKHPL[LQJSURFHVVRI WKHFROGDQGKRWV\QJDVHVZLWK$VSHQ3OXV LW LVHQVXUHG WKDW WKHUH LV
OLTXLGZDWHU LQ WKHFROG V\QJDVHV LQPROH IUDFWLRQ ,W LVEHOLHYHG WKDW WKLV OLTXLGZDWHUJHWV LQWR WKHPDLQSLSHRI
PL[LQJ WHHE\ WKHZD\RIHQWUDLQPHQW0HDQZKLOH LWFDQEHVHHQIURPWKH UHVXOW WKDWDOORI WKHKRWV\QJDVHVDQG
RXWOHW PL[HG JDVHV DUH LQ JDV VWDWH 7KLVPHDQV WKDW WKH OLTXLGZDWHU LQ WKH FROG V\QJDVHV KDV EHHQ KHDWHG DQG
HYDSRUDWHGLQWKHPL[LQJSURFHVV+RZHYHUWKHDJJUHJDWLRQDQGHYDSRUDWLRQEHKDYLRXURIWKHOLTXLGGURSOHWVLQWKH
FROGV\QJDVHVVKRXOGEHDQDO\]HGZLWKWKHKHOSRI&RPSXWDWLRQDO)OXLG'\QDPLFV&)'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&)'QXPHULFDOVLPXODWLRQ
3.1. CFD models[9] 
7KHIORZRIWKHPL[LQJLVDQDO\]HGZLWKWKHkİ WXUEXOHQFHPRGHODQGVSHFLHVWUDQVSRUWPRGHODQGDWWKHVDPH
WLPH WKH WUDFNRI OLTXLGGURSOHWVDQG WKHFRUUHVSRQGLQJKHDWDQGPDVV WUDQVIHUDUHDOVRDQDO\]HGZLWK WKHGURSOHW
HYDSRUDWLRQPRGHOLQGLVFUHWHSDUWLFOHPRGHO'30
'URSOHWHYDSRUDWLRQHTXDWLRQLVDVHTXDWLRQ
  f isiii CCkN   
6SHFLHVWUDQVSRUWPRGHOLVDVHTXDWLRQ
tMANtmttm ipipp ' '  Z   
'URSOHWKHDWWUDQVIHUHTXDWLRQLVDVHTXDWLRQ
fg
p
Pppp hdt
dm
TThA
dt
dTcm  ˅ f   
1249 B.J. Gao et al. /  Procedia Engineering  130 ( 2015 )  1246 – 1257 
3.2. Model and mesh 
5HJDUGWKHFROGV\QJDVHVSLSHRIWKHPL[LQJWHHDVWKHPDLQSLSHDQGWKHKRWV\QJDVHVSLSHDVWKHEUDQFKSLSH
7KHJHRPHWULFPRGHORI WKHHQWUDQFH DQG H[LW RI WKHPL[LQJ WHH LV VKRZQ LQ)LJ WRJHWKHUZLWK WKH FRRUGLQDWH
V\VWHPXVHG7KHVROXWLRQGRPDLQLQFOXGHVPGRZQVWUHDPVWUDLJKWSLSHDQGRQO\PRILQOHWSLSHVIRUERWKWKHKRW
DQGFROGV\QJDVHV


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KH[DKHGUDOJULGVE\0XOWL=RQH0HVKLQJPHWKRGZKLFK\LHOGVHOHPHQWV7KHPHVKHGPRGHOLVVKRZQLQ)LJ
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
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3.3. Boundary conditions 
$V WKH IXOO\GHYHORSHG WXUEXOHQW IORZUHTXLUHV DYHU\ ORQJ UXQIRUERWK WKHFROGDQGKRW V\QJDVHVZKLFK LV D
ZDVWHRIFDOFXODWLRQ LW LVSUDFWLFDO WRDSSO\ WKHIXOO\GHYHORSHGIORZYHORFLW\FRQILJXUDWLRQ WR WKHERXQGDU\RI WKH
PDLQDQGEUDQFKHQWUDQFHVZLWKWKH8VHUGHILQHGIXQFWLRQV8')LQ)/8(17>@7KHOHQJWKRIWKHPDLQDQG
EUDQFKHQWUDQFHSLSHDUHRQO\P
7KHIORZYHORFLW\FRQILJXUDWLRQLQWKHPDLQHQWUDQFHSLSHLVDV(TXDWLRQ
 
 
     
   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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ZKHUHr LVWKHUDGLXVRISLSHu LVWKHIORZYHORFLW\DWWKHORFDWLRQr
7KHIORZYHORFLW\GLVWULEXWLRQLQWKHEUDQFKHQWUDQFHSLSHLVDV(TXDWLRQ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$VZHNQRZDFFXUDWHSK\VLFDOSDUDPHWHUVDUHHVVHQWLDOIRUWKHSURFHVVVLPXODWLRQ>@)RUH[DPSOHWKHVDWXUDWHG
YDSRU SUHVVXUH RI GURSOHWVZKLFK LV UHODWHG WR WKH WHPSHUDWXUH VKRXOG EH GHWHUPLQHG FDUHIXOO\ EHFDXVH LW LV WKH
GULYLQJIRUFHRIWKHHYDSRUDWLRQSURFHVV$VWKHWHPSHUDWXUHYDULHVHYHU\ZKHUHGXULQJWKHPL[LQJRIKRWDQGFROG
V\QJDVHV WKH SK\VLFDO SDUDPHWHUV VXFK DV FRQFHQWUDWLRQ FRQVWDQWSUHVVXUH VSHFLILF KHDW FRQYHFWLYH KHDWWUDQVIHU
FRHIILFLHQWG\QDPLFYLVFRVLW\DQGVDWXUDWHGYDSRUSUHVVXUHRI+2+&2&2DQG1LQWKHV\QJDVHVDUHGHILQHG
DVSRO\QRPLDOIXQFWLRQVRIWHPSHUDWXUHQDPHO\

   T A A T A TM    !   
ZKHUHAi˄i ˅DUHILWWLQJFRQVWDQWVDQGWKHGHWDLOYDOXHVDUHRPLWWHGKHUH
&KRRVH WKHHQWUDQFHVRIPDLQDQGEUDQFKSLSHDVYHORFLW\HQWUDQFH DQGH[LWV DVSUHVVXUHH[LW0HDQZKLOH DOO
IOXLGIORZVLQQRVOLSERXQGDU\FRQGLWLRQ6XSSRVHDOOGURSOHWVLQMHFWIURPSODQHLQMHFWLQJVRXUFHDQGVLPXODWHWKH
LQWHUSKDVHFRXSOLQJZLWKUDQGRPWUDMHFWRU\PRGHO&DOFXODWHWKHVWHDG\IORZILHOGRIV\QJDVHVXQWLOWKHFDOFXODWLRQ
FRQYHUJHQFHILUVWWKHQIROORZHGE\WKHXQVWHDG\IORZILHOGFDOFXODWLRQFRQVLGHULQJDOOWKHGURSOHWV
3.4. Results and discussion 

)LJ9HORFLW\YHFWRUFRQWRXURQSODQH[]SDUWLDOO\

)LJ9HORFLW\YHFWRUFRQWRXURQSODQH\]SDUWLDOO\

)LJ3UHVVXUHFRQWRXURQSODQH[]
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IUDFWLRQ LQIOXHQFHRQ WKHJDVSKDVH DUH LJQRUHG ,Q DQRWKHUZRUG WKH IORZRI WKH V\QJDVHV HYHQZLWK WKH OLPLWHG
QXPEHURIGURSOHWVLVVHOGRPDIIHFWHGE\ZKHWKHURUQRWDGGLQJWKHGURSOHWV
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)LJVKRZVWKHFDOFXODWHGVWHDG\SUHVVXUHFRQWRXURQSODQHxz,WFDQEHVHHQIURP)LJWKDWWKHKRWV\QJDVHVLQ
WKHEUDQFKSLSHGDVKXSRQWKHPDLQSLSHZDOODIWHUDWXUQLQJDQGRFFXS\DODUJHYROXPHRIWKHPDLQSLSHZLWKDKLJK
IORZVSHHG$OVRZHFDQVHHIURP)LJWKDWWKHIORZGLUHFWLRQRIWKHIOXLGLQWKHPDLQSLSHFKDQJHVEHFDXVHRIWKH
LPSDFWRIWKHEUDQFKSLSHIOXLG7KHPDLQSLSHIOXLGIORZVLQVXUURXQGLQJRIWKHEUDQFKSLSHIOXLGWRWKHPDLQSLSH
ZDOOEHVLGH WKHEUDQFKVWUHDP WKHQIORZVDORQJ WKHSLSHZDOO WR WKHGRZQVWUHDPEHFDXVHRI WKHFRQVWUDLQWRI WKH
SLSHZDOO )LJ  VKRZV WKDW WKH IOXLG SUHVVXUH EHKLQG WKH WHH¶V QHFN LV ORZHU WKDQ WKDW LQ RWKHU UHJLRQ7KH ORZ
SUHVVXUHUHJLRQLVIRUPHGGXHWRWKHIORZLQHUWLDRIKRWV\QJDVHVDQGLWDOVRUHVXOWVLQWKHFROGV\QJDVHVZLWKKLJKHU
SUHVVXUHIORZLQJWRWKLVUHJLRQ
)ORZDQGHYDSRUDWLRQDQDO\VLVZKHQDGGLQJOLTXLGGURSOHWV
'XULQJ WKH PL[LQJ SURFHVV RI WKH PDLQ SLSH IOXLG DQG EUDQFK SLSH IOXLG WKH GURSOHWV HQWUDLQHG LQ WKH FROG
V\QJDVHVHYDSRUDWHUDSLGO\EHFDXVHRIWKHKLJKHUWHPSHUDWXUHRIEUDQFKSLSHIOXLG
)LJXUHVKRZVWKHYDULDWLRQRIGURSOHWVDVDIXQFWLRQRIWLPH,WFDQEHVHHQWKDWWKHORFDWLRQRIGURSOHWVLVNHHS
FKDQJLQJ ZLWK WKH IORZLQJ RI PDLQ SLSH JDV XQWLO  V 0HDQZKLOH ODUJH TXDQWLWLHV RI GURSOHWV DJJUHJDWH DW
D]LPXWK RRI WKHPDLQ SLSHZDOO LQ WKH GRZQVWUHDP RI WKHPL[LQJ WHH 7KH UHDVRQ IRU WKLV SKHQRPHQRQ LV WKDW
GURSOHWVVHOGRPHYDSRUDWHLQWKHXSVWUHDPEXWHYDSRUDWHTXLFNO\ZKHQWKHKRWV\QJDVHVLQMHFWLQWRWKHPDLQSLSH
(YHQWXDOO\ WKLVSURFHVVFDQIRUPDEDODQFHEHWZHHQGURSOHWVHYDSRUDWLRQDQGGURSOHWVVXUYLYLQJ LQ WKHIORZ7KH
IORZDQGHYDSRUDWLRQRIGURSOHWVKDYHUHDFKHGDG\QDPLFEDODQFHDWWKHWLPHRIV


)LJ'URSOHWV¶SRVLWLRQDWGLIIHUHQWWLPH

)LJ&RQFHQWUDWLRQFRQWRXURIGURSOHWVRQWKHSLSHZDOODWV
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
)LJ(QODUJHPHQWRIGURSOHWV¶FRQFHQWUDWLRQFRQWRXU
)LJXUHVKRZVWKHFRQFHQWUDWLRQFRQWRXURIGURSOHWVRQWKHSLSHZDOODWWKHWLPHRIVDQGWKHFRQFHQWUDWLRQ
XQLWLVNJP,WFDQEHVHHQWKDWWKHPD[LPXPFRQFHQWUDWLRQRIGURSOHWVDSSHDUVLQWKHWHH¶VGRZQVWUHDPUHJLRQZLWK
RRULHQWDWLRQ)LJLVWKHHQODUJHGILJXUHRIGURSOHWV¶FRQFHQWUDWLRQFRQWRXUDQGLWVKRZVWKDWWKHVKDSHRIGURSOHWV¶
PD[LPXPFRQFHQWUDWLRQDUHDLVDORQJDQGQDUURZDUHD+RZHYHUWKHGRZQVWUHDPQHFNRIWHHLVQRWLQFOXGHGLQWKLV
DUHD
,Q RUGHU WR LOOXVWUDWH WKH DFFXUDWH ORFDWLRQZKHUH WKHPD[LPXPGURSOHWV FRQFHQWUDWLRQ DSSHDUV D FXUYH RI WKH
GURSOHW FRQFHQWUDWLRQ DORQJ WKH D[LV ] DW D]LPXWK RRI WKH SLSHZDOO KDV EHHQZRUNHG RXW LQ )LJ $OWKRXJK
GURSOHWVDOVRH[LVWDWWKHD]LPXWKRRIXSVWUHDPSLSHZDOOLWKDVDYHU\ORZFRQFHQWUDWLRQ2QWKHFRQWUDU\DIWHUWKH
LQMHFWLRQRI WKH KRW V\QJDVHV WKH FRQFHQWUDWLRQRI GURSOHWV DW D]LPXWKR RI WKHGRZQVWUHDPSLSHZDOO LV JHWWLQJ
KLJKHU TXLFNO\ EHFDXVH RI DJJUHJDWLRQ DQG WKHQ JHWWLQJ ORZHU TXLFNO\ EHFDXVH RI WKH HYDSRUDWLRQ 7KH GURSOHW
FRQFHQWUDWLRQEHFRPHVQXOOEH\RQGPGRZQVWUHDPWKHPDLQSLSH
        



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)LJ'URSOHWVFRQFHQWUDWLRQDWD]LPXWKRRIWKHPDLQSLSHZDOO
&RUURVLRQDQGFUDFNLQJDQDO\VLVRIWKHSLSH
'XHWRWKHH[LVWHQFHRIEUDQFKSLSHIOXLGDQXPEHURIWKHGURSOHWVLQWKHPDLQSLSHIORZZLWKWKHFROGV\QJDVHV
WRWKHVLGHZDOOVLQ\GLUHFWLRQ$WWKHVDPHWLPHFROGV\QJDVHVFRQWDLQLQJGURSOHWVIORZLQVZLUODWD]LPXWKRLQWKH
WHH¶VPDLQSLSHEHFDXVHRIWKHFRQVWUDLQWRIPDLQSLSHZDOO$VDUHVXOWFROGV\QJDVHVJDWKHULQWKLVUHJLRQDQGPDNH
WKHGURSOHWVDJJUHJDWHKHUH:KDWLVPRUHWKHORZSUHVVXUHEHKLQGWKHQHFNRIWKHWHHDOVRFRQWULEXWHVWRWKHGURSOHW
DJJUHJDWLRQDWWKLVUHJLRQ
/DUJHTXDQWLWLHVRIGURSOHWVDJJUHJDWHZLWKLQPGRZQVWUHDPRIWKHPDLQSLSH
+6DQG&2FRQWDLQHGLQV\QJDVHVZRXOGEHGLVVROYHGLQWKHGURSOHWVDWćaćDQG03DDQGWXUQWKH
GURSOHWVLQWRFRUURVLYHGURSOHWVZKLFKZRXOGVHULRXVO\FRUURGHWKHSLSHZDOOZLWKLQPGRZQVWUHDPWKHWHH7KH
FRUURVLYH GURSOHWV UHDFW ZLWK VWHHO DQG JLYH RXW WKH LURQ FDUERQDWH DQG VXOSKXU FRUURVLRQ SURGXFWV >@ 7KLV LV
FRQVLVWHQWZLWKWKHFRUURVLYHSURGXFWVDQDO\]HGE\/LQDQGKLVIHOORZV>@
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,QFRQFOXVLRQFRUURVLYHGURSOHWVFRQWDLQLQJ+6DQG&2DJJUHJDWHDWWKHD]LPXWKRZLWKLQPGRZQVWUHDP
WKHPDLQSLSHDQGHYDSRUDWHWKHUHZKLFKUHVXOWVLQWKHZDOOFRUURVLRQDQGWKLQQLQJDQGILQDOO\SLSHZDOOFUDFNVDW
KLJKVWUHVVDUHDGXHWRZRUNLQJVWUHVVWKHUPDOVWUHVVDQGZHOGLQJUHVLGXDOVWUHVV
,W LV REYLRXV WKDW WKH XVH RI FRUURVLRQUHVLVW OLQLQJ PDWHULDO VXFK DV ,QFROQHO LV HIIHFWLYHO\ WR DYRLG WKH
FRUURVLRQDQGFUDFNLQJ+RZHYHUUHDVRQDEOHVWUXFWXUHGHVLJQLVSUHIHUUHGWRHOLPLQDWHWKHDJJUHJDWLRQRIFRUURVLYH
GURSOHWV
VWUXFWXUHLPSURYHPHQWDQGLWVHIIHFW
4.1. Structure improvement 
,QRUGHUWRVROYHWKHFRUURVLRQDQGFUDFNLQJSUREOHPRIWKHPL[LQJWHHDQLPSURYHGVWUXFWXUHVKRZQLQ)LJLV
SURSRVHG WR HOLPLQDWH WKH DJJUHJDWLRQ RI FRUURVLYH GURSOHWV HIIHFWLYHO\$ IOXLG JXLGDQFH LV FRQLFDOO\ IODUHG DQG
ZHOGHG EHIRUH WKH EUDQFK HQWUDQFH LQ WKHPL[LQJ WHH DQG WKH KDOI FRQLFDO DQJOH LV R 7KH GLPHQVLRQV RI IOXLG
JXLGDQFHDUHIDQGWKHPDWHULDOLV,QFROQHOZKLFKLVDQLURQQLFNHODQGFREDOWEDVHGPDWHULDODQGFDQ
ZRUNORQJHQRXJKLQUHOLDELOLW\DWKLJKWHPSHUDWXUHDERYHԨDQGXQGHUUHODWLYHO\KLJKVWUHVV7KHPDWHULDOKDV
VDWLVIDFWRU\ KLJK WHPSHUDWXUH VWUHQJWK UHVLVWDQFH WR R[LGDWLRQ FRUURVLRQ DQG IDWLJXH ZKLFK PDNHV LW PHHW WKH
UHTXLUHPHQWVLQWKHVHYHUHFRUURVLYHHQYLURQPHQW,QDGGLWLRQLWKDVUHDVRQDEOHZHOGDELOLW\ZLWKRXWDIWHUZHOGFUDFN
VHQVLWLYLW\,QWKHLPSURYHGVWUXFWXUHWKHPDLQSLSHIOXLGIORZVWKURXJKWKHIOXLGJXLGDQFHWRWKHGRZQVWUHDPRIWKH
WHHZKLOHWKHEUDQFKSLSHIOXLGRQO\IORZVRXWVLGHWKHIOXLGJXLGDQFHZKHQJHWWLQJLQWRWKHWHHDQGKHDWVWKHLQVLGH
FROGIOXLGWKURXJKWKHJXLGDQFHZDOO7KHFROGDQGKRWVWUHDPVRQO\PL[LQWKHGRZQVWUHDPDIWHUWKHJXLGDQFH


)LJ,PSURYHGVWUXFWXUHRIWHH
4.2. Improving effect 
7KHORFDWLRQRIGURSOHWVRYHUPL[LQJWLPHLQWKHLPSURYHGVWUXFWXUHLVVKRZQLQ)LJ,WFDQEHVHHQWKDWWKH
ORFDWLRQRIGURSOHWVLQLPSURYHGVWUXFWXUHPRYHVGRZQVWUHDPDQGLWEHFRPHVVWDEOHWLOOV7KLVPHDQVWKDWDOO
RIWKHGURSOHWVJHWWLQJLQWRWKHWHHKDYHHYDSRUDWHGKHUH&RPSDUHGWRWKHRULJLQDOVWUXFWXUHWKHORFDWLRQZKHUHWKH
GURSOHWV HYDSRUDWH FRPSOHWHO\ PRYHV IXUWKHU GRZQVWUHDP WKHPDLQ SLSH 7KH UHDVRQ IRU WKLV PRYLQJ LV WKDW WKH
PL[LQJRIWKHFROGDQGKRWIOXLGLQWKHLPSURYHGVWUXFWXUHLVQRWDVYLROHQWDVLWLVLQWKHRULJLQDOVWUXFWXUHZLWKLQWKH
WHH 7KH PL[LQJ DQG HYDSRUDWLRQ DUH SRVWSRQHG DIWHU WKH JXLGDQFH DQG WKH ORFDWLRQ ZKHUH GURSOHWV HYDSRUDWH
FRPSOHWHO\LVPDZD\IURPWKHHQWUDQFHRIEUDQFKSLSH
)LJXUHVKRZVWKHFRQFHQWUDWLRQFRQWRXURIGURSOHWVRQWKHSLSHZDOORIWKHLPSURYHGVWUXFWXUHDWWKHWLPHV
,WFDQEHVHHQWKDWGURSOHWVFRQFHQWUDWLRQLVDVKLJKDVîNJPLQWKHHQWUDQFHRIPDLQSLSH%XWWKHKLJKHVW
GURSOHWVFRQFHQWUDWLRQLQWKHGRZQVWUHDPLVEHORZîNJP$VIRUWKHRULJLQDOVWUXFWXUHZKLOHWKHGURSOHWV
FRQFHQWUDWLRQLVîNJPLQWKHHQWUDQFHRIPDLQSLSHLWLVDERXWîNJPLQWKHXSVWUHDPQHDULQJWKH
EUDQFK HQWUDQFH DQG DV KLJK DV î NJP LQ WKH ORQJ DQG QDUURZ UHJLRQ GRZQVWUHDP %\ FRPSDULVRQ
DOWKRXJKGURSOHWVFRQFHQWUDWLRQDWWKHPDLQSLSHHQWUDQFHLVWKHVDPHLWLVORZHUIRUWKHLPSURYHGVWUXFWXUHLQWKH
XSVWUHDPDQGGRZQVWUHDPRIWKHPDLQSLSH$QGHVSHFLDOO\LQWKHGRZQVWUHDPLWLVWZRRUGHUVRIPDJQLWXGHORZHU
WKDQWKDWLQWKHRULJLQDOVWUXFWXUH,WLVREYLRXVWKDWWKHDJJUHJDWLRQRIWKHFRUURVLYHGURSOHWVLQWKHGRZQVWUHDPSLSH
KDVEHHQHIIHFWLYHO\HOLPLQDWHGLQWKHLPSURYHGVWUXFWXUHDQGDVDUHVXOWFRUURVLRQDQGFUDFNFDQEHDYRLGHG

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
)LJ/RFDWLRQRIGURSOHWVRYHUWLPHLQWKHLPSURYHGVWUXFWXUH

)LJ'URSOHWVFRQFHQWUDWLRQFRQWRXULQWKHLPSURYHGVWUXFWXUH
4.3. Thermal stress analysis of the tee 
)LJXUHLVWKHWHPSHUDWXUHFRQWRXURIWKHLPSURYHGVWUXFWXUHRQWKHSODQHxz. ,WFDQEHVHHQWKDWWKHWHPSHUDWXUH
RIFROGIOXLGLQVLGHWKHIOXLGJXLGDQFHFKDQJHVOLWWOHZKLOHWKHWHPSHUDWXUHRIKRWIOXLGRXWVLGHWKHIOXLGJXLGDQFHLV
ORZHUWKDQLW LVLQWKHEUDQFKSLSH7KLVLVEHFDXVHWKHFROGIOXLGLQVLGHWKHJXLGDQFHLVNHHSIORZLQJDOO WKHWLPH
ZKLOH VRPHRI WKHKRW IOXLGRXWVLGH WKHJXLGDQFH UHPDLQV VWDJQDQW DKHDGRI WKHEUDQFK HQWUDQFH$V D UHVXOW WKH
WHPSHUDWXUHRIWKLVSDUWRIKRWIOXLGLVJHWWLQJORZHU,QDGGLWLRQODUJHUWHPSHUDWXUHGLIIHUHQFHH[LVWVDWWKHORFDWLRQ
EHIRUHDQGDIWHUWKHFRQQHFWLRQRIPDLQSLSHDQGIOXLGJXLGDQFH


)LJ7HPSHUDWXUHFRQWRXURIWKHLPSURYHGVWUXFWXUHRQWKHSODQH[]
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)LJXUH  LV WKH SUHVVXUH FRQWRXU RI WKH LPSURYHG VWUXFWXUH RQ WKH SODQH xz. $OWKRXJK WKH SUHVVXUH LQ WKH
GRZQVWUHDPQHFNLVVWLOO ORZWKHFRUURVLYHGURSOHWVFRQWDLQHGLQWKHFROGIOXLGPD\EHEDIIOHGE\WKHJXLGDQFHWR
HVFDSHIURPWKHORZSUHVVXUHUHJLRQZKLFKPD\HIIHFWLYHO\UHVWUDLQWKHDJJUHJDWLRQRIWKHFRUURVLYHGURSOHWV


)LJ3UHVVXUHFRQWRXURIWKHLPSURYHGVWUXFWXUHRQWKHSODQH[]
7KHUPDOVWUHVVH[LVWVRQWKHWHH¶VSLSHZDOOEHFDXVHRIXQHYHQWHPSHUDWXUHILHOGJHQHUDWHGZKHQWKHFROGDQGKRW
IOXLG PL[ LQ WKH WHH )OXLG VWUXFWXUH LQWHUDFWLRQ )6, DQDO\VLV KDV EHHQ HPSOR\HG ZLWK WKH KHOS RI $16<6
:RUNEHQFKWRJHWWKHWKHUPDOVWUHVV
)LJXUH  VKRZV WKH VWUHVV LQWHQVLW\ FRQWRXU RI WKH RULJLQDO WHH DQG WKH XQLW LV03D )LJ  D LV WKH VWUHVV
LQWHQVLW\RIWKHVWUXFWXUHXQGHUIOXLGSUHVVXUHRQO\ZKLOH)LJELVWKHVWUHVVLQWHQVLW\RIWKHVWUXFWXUHFDXVHGE\
ERWK IOXLG SUHVVXUH DQG WHPSHUDWXUH 7KH GLDJUDP VKRZV WKDW WKH PD[LPXP VWUHVV LQWHQVLW\ SRLQW ORFDWHV LQ WKH
FRQQHFWLRQRIPDLQ DQGEUDQFKSLSH&RPSDUHG WR WKH VWUHVV LQWHQVLW\03DFDXVHGE\ IOXLGSUHVVXUH WKDW
DGGHGE\WKHUPDOORDGLV03D
)LJXUHVKRZVWKHVWUHVVLQWHQVLW\FRQWRXURIWKHLPSURYHGWHH,WVKRZVWKDWWKHPD[LPXPVWUHVVLQWHQVLW\SRLQW
DOVRORFDWHVLQWKHFRQQHFWLRQRIPDLQDQGEUDQFKSLSH&RPSDUHGWRWKHVWUHVVLQWHQVLW\03DFDXVHGE\IOXLG
SUHVVXUHWKDWDGGHGE\WHPSHUDWXUHLV03D
&RPSDULQJWKH)LJDZLWK)LJDDQG)LJEZLWK)LJEUHVSHFWLYHO\ZHFDQILQGWKDWWKHUHLV
OLWWOHGLIIHUHQFH LQVWUHVV LQWHQVLW\RI WKHVWUXFWXUHEHWZHHQWKHRULJLQDODQG LPSURYHG WHH7KHYDOXHRIPD[LPXP
VWUHVV LQWHQVLW\ MXVW JHWV ORZHU VOLJKWO\ LQ WKH LPSURYHG VWUXFWXUHZKHQ WKH IOXLG SUHVVXUH DSSOLHG RQO\ DQG JHWV
KLJKHU VOLJKWO\ZKHQ IOXLGSUHVVXUHDQG WHPSHUDWXUH ORDGDSSOLHG WRJHWKHU ,W LQGLFDWHV WKDW WKH LQIOXHQFH WR VWUHVV
LQWHQVLW\E\DGGLQJIOXLGJXLGDQFHLQWRWKHWHHLVLQVLJQLILFDQW


D


E
)LJ6WUHVVLQWHQVLW\FRQWRXURIWKHRULJLQDOWHHD8QGHUIOXLGSUHVVXUHE8QGHUIOXLGSUHVVXUHDQGWHPSHUDWXUH
1256   B.J. Gao et al. /  Procedia Engineering  130 ( 2015 )  1246 – 1257 

D


E
)LJ6WUHVVLQWHQVLW\FRQWRXURIWKHLPSURYHGWHHD8QGHUIOXLGSUHVVXUHE8QGHUIOXLGSUHVVXUHDQGWHPSHUDWXUH
&RQFOXVLRQ
:HFDQGUDZVWKHIROORZLQJFRQFOXVLRQVE\GHWDLOQXPHULFDODQDO\VLVRIWKHPL[LQJSURFHVVRIWKHFROGDQGKRW
V\QJDVHVZLWKLQWKHWHHXVHGLQWKHJDVTXHQFKLQJV\VWHPRIWKHFRDOJDVLILFDWLRQ
3DUWRIWKHZDWHULQWKHFROGV\QJDVHVLVLQOLTXLGVWDWHDQGJHWVLQWRWKHPDLQSLSHRIPL[LQJWHHE\WKHZD\RI
HQWUDLQPHQW7KHZDWHULQKRWV\QJDVHVLVLQJDVVWDWHDQGRYHUKHDWHG
7KHFRUURVLYHFKHPLFDOVVXFKDV+6DQG&2FDQEHDEVRUEHGE\GURSOHWVLQWKHFROGV\QJDVHVDWZRUNLQJ
SUHVVXUHDQGWHPSHUDWXUHZKLFKJHQHUDWHVFRUURVLYHGURSOHWV'XULQJWKHPL[LQJSURFHVV WKHVHFRUURVLYHGURSOHWV
DJJUHJDWHDWD]LPXWKRZLWKLQPGRZQVWUHDPWKHPDLQSLSH7KHUHIRUHWKHPGRZQVWUHDPVWUDLJKWSLSHDW
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